The aim of this work was to perform genetic control on differential cultivars Michelite, Michigan Dark Red Kidney, Perry Marrow, Cornell 49-242, PI 207262, AB 136 and G 2333 
INTRODUCTION
The common bean (Phaseolus vulgaris L.) is one of the most important components of the Brazilian diet as it is a proven source of protein and is also a good source of carbohydrates and iron. Brazil is the largest world producer of common bean species (Vieira et al. 1998) and Paraná state contributes with 25% of the national production. The common bean presents serious phytosanitary problems which result in the low national yield, generally below 600 kg ha -1 . Diseases are the most important reason for low bean yield in Brazil (Pompeu et al. 1992) , among them, anthracnose, caused by Colletotrichum lindemuthianum (Saac. et Magn.) Scrib., is one of the most widespread and economically important fungal diseases of common bean. Genetic resistance is the most effective method of controlling anthracnose in common bean and their genetic characterization is essential to ensure novelty from previously characterized sources (Balardin et al., 1997; Melloto and Kelly, 2000; Pastor-Corrales et al., 1995; Poletine et al., 2000) . Many races of the pathogen have been characterized in different parts of the world where dry beans are grown (Balardin et al., 1997; Garrido-Ramirez and Romero-Cova, 1989; Menezes and Dianese, 1988; Rava et al. 1994; Yerkes Júnior and Ortiz, 1956) . In studies using the binary nomenclature for C. lindemuthianum race characterization (PastorCorrales, 1991) 25 physiological races of the pathogen in isolates from several regions of Brazil were identified (Rava et al. 1994) , and fourteen isolates from Paraná State were identified as belonging to the races 55, 64, 65, 81, 89, 95, 102, and 453 . Also, in Paraná state, Thomazella et al. (2000) identified nine races of C. lindemuthianum, being race 89 one the most frequent. Among the biometrics methods for genetic analysis, the diallel cross has a special importance for genetic breeding. In this context, analysis of diallel crosses has been emphasized in many breeding programs for different crops because of the large amount of information they offer to the breeder (Cruz et al., 2004; Barelli et al., 2000) . Hayman's procedure (1954) , among the methodologies of diallel analysis available, is not based on previously established statistical models, but rather on knowledge of the environmental and genetic nature of statistics, such as means, variance, covariance, obtained from the diallel table (Cruz et al., 2004; Silva et al., 2004) . The present study was carried out to investigate the control of genetic resistance of the common bean to the races 31 and 89 of Colletotrichum lindemuthianum, using diallel analysis methodology described by Hayman (1954) .
MATERIALS AND METHODS
The common bean cultivars Michelite, Michigan Dark Red Kidney, Perry Marrow, Cornell 49242, PI 207262, AB 136 and G 2333 were crossed in a diallel system without reciprocals. The entire F 1 population was evaluated in relation to the race 89, whereas for the race 31 the diallel scheme did not include the cultivar G 2333. The races 31 and 89 were provided by Laboratories at the Nucleus of Research Applied to Agriculture (Nupagri) of the Agronomy Department at Maringá State University. These races were collected in the regions of the Paraná state.
Preparation of inoculum, inoculation and incubation
Cultures from of each race was incubated in Petri dishes containing either Mathur's (Mathur et al., 1950) , PDA (potato-dextrose agar) or bean pod agar (Cárdenas et al., 1964) culture medium. These cultures were incubated at 25 o C for 14 days and individual isolates were inoculated on the anthracnose differential series to confirm their phenotypes. Inoculations of the parents, F 1 of each cross were carried out separately to prevent contamination, with four replications. The protocol for inoculation was as follows: 14-day-old bean plants with fully developed first trifoliate leaves were spray-inoculated with a spore suspension (1.2 x 10 6 spores per mL) of each race of C. lindemuthianum. After the inoculation, the plants were maintained in a mist chamber for 48 h at 20ºC ± 2°C, under controlled light (12 h with 680 lux illumination alternated with 12 h of darkness) and approximately 100% relative humidity.
Symptoms evaluation
The system proposed by Yerkes Jr. and Ortiz (1956) was used after approximately 10 days of the inoculation. The scores were assigned to the first trifoliate leaves, whose values were on a 1-to-5 scale in individual plants to assess the symptoms induced by the physiological race. Plants were scored from 1 to 5 for the damage intensity caused by the physiological races. According to the Yerkes Jr. and Ortiz (1956) scale: score 1 = no symptoms; score 2 = symptoms on the secondary veins; score 3 = symptoms in the main vein; score 4 = symptoms in the petiole and score 5 = total necrosis. This system was used in studies carried out by Cárdenas et al. (1964) , Muhalet et al. (1981) , Fukuda (1982 ), Del Peloso et al. (1989 and Gonçalves-Vidigal (1994) .
Treatments and experimental design
The populations consisting of seven parents and 21 F 1 , totaling 28 treatments were assessed in the greenhouse at the Nucleus for Research Applied to Agriculture (Nupagri), at the Department of Agronomy, UEM, Maringá, PR in 1997. The experiments were carried out as a randomized complete block design with four replications. The experimental unit consisted on a flat with 10 seedlings from of each parent and 10 seedlings from each F 1 .
Statistical analysis
An analysis of variance using a randomized complete block design for the data of each characteristic was carried out. The value of each observation provided by the following statistical model, taking cultivar as fixed effects was used: Y ij = m + g i + b j + E ij , where, Y ij = observation of i th treatment in the j th block (i = 1, 2, ..., g = 6; j =1, 2, ..., b = 10); m = general mean; g i = effect of the i th cultivar; b j = effect of the j th block; E ij = experimental error.
Hayman's methodology (1954)
The parents were considered different in a T/t locus, with an u t proportion of favorable alleles and another v t of unfavorable alleles (Cruz et al., 2004) , disabling the appliance of Hayman's methodology (1954) . The computer Genes program (Cruz, 2001 ) was used for this. The components of variance were obtained from the diallel table and by association among them and the genetic resistance parameters of the cultivars and their hybrids to the 31, and 89 races of the pathogen were estimated. This model was adopted because the diallel analysis of the parents presented anthracnose symptoms classified from 1 to 5.
RESULTS AND DISCUSSION

Sufficiency test of the additive-dominant model
Assuming that the genetic effects are the results of the additive and dominant action of genes, Hayman (1954) imposed a series of restrictions which required the application of tests to verify the sufficiency of the model. Table 1 shows the results of the applications of two tests for the 31, and 89 races assessed. The absence of significance in both tests confirmed that the imposed assumptions were valid and indicated that the additive-dominant model was adequate for the genetic study of these traits. o rotation, at the 1% and 5% levels of probability; Ns = non significant at levels of 1 and 5% probability.
Race 89
There was positive correlation of Y r and (W r + V r ) of 0.9947 by the linear regression equation, showing that the appearance of the disease was negatively influenced by dominance. The dominant alleles demonstrated a decreasing of the disease incidence. According to Hayman (1954) , the parent carrier of the greatest proportion of dominant genes shows the lowest value of r Ŵ + r Vˆ while the greatest proportion of recessive genes corresponds to the parent with greatest value of r Ŵ + r Vˆ. This event demonstrated that the quantitative analysis through the use of Hayman's methodology was efficient to distinguish susceptible cultivar from the dominant ones. The predominance of dominant homozygous forms was detected by the analysis of the ratio between dominant and recessive genes in the parents of the group studied (
According to Table 2 , the estimate H D− with value greater than zero and the linear regression intercepting the Wr axle at a point above the origin (Fig. 1) (Table 2) was the indication of a greater frequency of dominant alleles than recessive alleles in the parents studied. This was confirmed by the graphic method (Fig. 1) where most of the parents were close to the lower extremity of the line, except the parents (1) Michelite and (4) Cornell 49-242. This fact could be explained because both were compatible with races 31 and 89, respectively. As the dominant genes were favorable and recessive genes unfavorable for resistance to race 89, this was translated into an allelic asymmetry represented by a value of (2000), who suggested that the AB 136 parent has alleles resistant to several races of C. lindemuthianum races. These results confirmed that the AB 136 and PI 207262 parents are recommended for breeding programs to obtain resistance to race 31. Whereas, Michelite, Dark Red Kidney, Perry Marrow and Cornell 49-242 are not recommended, because they have concentration of recessive alleles, besides the fact that they are susceptible to race 31. On the other hand, the D H/ 1 estimate indicates partial dominance. This shows that the use of backcross to introgression resistance to race 31 should be carried out with greater genetic representation and more accurate assessment of the ancestry. The predominance of recessive homozygous forms was detected by the analysis of the ratio between dominant and recessive alleles in the parents of the group studied ( R D K K / = 0.3410). This result explained the greater concentration of the parents on the opposite side to the intercept between the abscissa and the ordinate (Fig. 2) . However, the value of 0.2286 for the 1 24 / H H estimate (Table 3) indicated a tendency to symmetry in the frequencies among alleles that confer positive and negative effects for resistance. h related to dominance (Table 2) showed the greater importance of the components associated to the additive effects than those related to the dominance effects that were also shown by the positive value of the
The estimate of the number of genes that shows dominance was 1.0317 (Table 3 ). This result indicated that a small number of genes were involved. However, Cruz et al. (2004) stated that the number of genes that show little or no dominance is not considered by the Hayman's methodology (1954) , so these estimates should be interpreted with care. 
Genetic determination coefficient estimate
The values of the genotypic determination in the narrow sense 0.7812 and 0.5311 for the races 31 and 89 respectively showed the possibility of fast genetic gains by some type of selection since it quantifies the relative importance of the additive proportion of the genetic variation which could be transmitted to the next generation and would be fixed in the selection process. Therefore, the major importance of additive effects in the trait expression of resistance of the bean cultivars to C. lindemuthianum races 31 and 89. The mean degree of dominance values showed the occurrence of complete dominance for races 31 and 89. The greater dominant allele frequency present in the set of cultivars inoculated with race 89 was observed. The narrow sense heritability for the races 31, and 89 presented values of 0.7812 and 0.5311 respectively. Although, this fact demonstrated that is easier to obtain cultivars resistant to the race 31 than to the 89 race. In the studies with such cultivars, Gonçalves-Vidigal (1994), Young and Kelly (1996) and Poletine et al. (2000) , identified that the resistance to anthracnose was granted by dominant alleles. In Brazil, according to (Gonçalves-Vidigal et al., 1999; Poletine et al., 2000; Alzate Marín et al., 2003) the Co-4 3 allele in PI 207262 is potentially source of resistance to anthracnose. Therefore, breeders should focus their attention on the Co-4 2 allele as the best resistance source available at the Co-4 locus (Balardin and Kelly, 1998) . The Co-4 2 gene was confirmed to be the only gene in the 3-gene pyramid in G 2333 to afford resistance to the highly virulent race 2047 (Silverio et al., 2002) . The results showed that dominance effects were higher than additive effects to resistance of the 89 race. The order of parents in relation to dominant genes concentration is: G 2333, AB 136, PI 207262, Cornell 49-242, Perry Marrow, Michigan Dark Red Kidney, and Michelite. The G 2333, AB 136 and PI 207262 cultivars should be recommended for obtaining cultivar resistance to anthracnose by backcross programs because it has the highest proportion of resistant dominant alleles. 
RESUMO
